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REPORTS 
Strain Variation in the Induction of Tolerance by Epicutaneous 
Application of Trinitrochloro benzene 
DANIEL N . SAUDER, M.D. AND STEPHEN L KATZ, M.D., PH.D. 
Dermatology Branch, National Cancer Institute, National Institute~> of Health, B ethesda, M01 y la.nd, U.S.A. 
It has been postulated that a relationship exists be-
tween the d ensity of epidermal Langerhans cells and the 
capacity of the epidermis to promote the induction of 
contact sensitization. This postulate was developed, in 
part, because (1) mouse tail epidermis contains fewer 
ATPase-positive (presumably Langerhans) cells than 
does abdominal epidermis, and (2) when tails of C57Bl/ 
6 mice were painted with dinitrofluorobenzene (DNFB), 
the mice were less sensitive than those painted on the 
abdomen. In addition, tail-painted mice were shown to 
be tolerant to subsequent attempts at sensitization with 
DNFB. In this study we found that by painting the tails 
of mice with the hapten trinitrochlorobenzene (TNCB), 
sensitization was induced in certain mouse strains 
(BALB/c, A/J, and CBA-haplotypes H-2<~, H-2", H-2\ 
respectively), but tolerance resulted from painting the 
tails of other strains (C57Bl/6, C57Bl/10, and AB.Y -
haplotype H-2") . The ability to become sensitive or tol-
erant is not related to Langerhans cell density as de-
tected by ATPase staining. While the mechanism for this 
strain difference in the induction of tole rance is un-
known, tole rance induced in C57Bl/6 mice is mediated 
in part by the generation of suppressor cells. 
Langerhans cells are thought to play a n essent ia l role in the 
induction of allergic contact sensitivity [1 ,2]. They are charac-
terized by Fc-IgG and C3 receptors and bear surface Ia antigens 
[3,4]. In addition, their membranes contain ce rtain hydrolytic 
enzymes, in particulal', the formalin-resistant and sulfhydryl-
dependent adenosine triphosphatase (ATPase) [5,6]. Recently 
Bergstresser et al [7) have shown that murine tail epidermis 
contains fewer ATPase-staining cells (presumably Langerhans 
cells) than does abdominal wall skin. Several observations have 
led to the hypothesis that this decrease in the density of 
epidermal Langerhans cells leads to altered immune reactivi ty 
at this site. Firstly, H-Y incompat ible skin grafts from the tails 
of C57Bl/6 mice persist longer than grafts from the a bdomen 
[8]. Secondly, T oews et a l [9] have shown that when C57BI/6 
mice are painted wi th the hapten dini trofluorobenzene (DNFB) 
on the tail and subsequently challenged with DNFB, they not 
only are hyporesponsive but are tolerant to subseq uent at-
tempts at sensitization with DNFB. Thi1·dly, Streilein et al [10) 
have shown that when tail skin is transplanted to the abdomen 
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of syngeneic animals and sensitization with DNFB is attempted, 
only marginal contact sensitivity results. 
In order to determine the mechanism by which this hypores-
ponsiveness occurs, we first attempted to reproduce the finding 
that epicuta neous application of a hapten to tail skin resul ts in 
specific immunologic hyporesponsiveness. However, in contrast 
to the findings of Toews eta] who used DNFB in C57BI/6 mice 
[9], we were unable to induce either hyporesponsiveness or 
tolera nce by epicutaneous application of hapten when we used 
trinitrochlorobenzene (TNCB) and BALB/c mice. We, there-
fore, sought to determine whether the ability to induce unre-
sponsiveness by tail painting was related to the density of 
ATPase-positive cells in the tail epidermis and/ or whether this 
phenomenon was restricted to certain strains of mice. 
MATERIALS AND METHODS 
Mice 
Female BALB/c (haplotype-H-d"), A/ J (H-2" ), and CBA (H-2k ) 
were obtained from Jackson Laboratories, Bar Harbor, Maine. Female 
C57Bl/6 (H-2"), C57Bl/l0 (H-2"), AB.Y (H-2") , and CB6F, (BALB/ c 
X C57Bl/6) were obtained from Charles River Breeding Laboratories, 
Wilmington, Massachusetts. Mice were 9-12 weeks old when used, and 
age-matched controls were used in each experiment. 
Antigen 
2,4,6 Trinitrochlorobenzene (TNCB- ICN Pharmaceuticals Inc., 
Plainsview, New York) was used. 
Sensitization for Conta.ct Sensitization 
Contact sensitization was assessed as previously described [11]. 
Briefly, mice were painted with 100 ,ul of 7% TNCB (4: 1 acetone:olive 
oil) on the shaved abdomen or on the ta il and the solu tion was dried by 
fanning. 
Elicita.tion. of Conta.ct Sensitivity 
Six days after the epicutaneous painting, the right ear was challenged 
with 200 ,ul of 1% TNCB in olive oil. Twenty-four hours later, ear 
thickness was measured using an engineer's micrometer (M itutoyo, 
Tokyo, Japan) and compared to the ear thickness prior to challenge 
and to the thickness of ears of nonsensitized animals which were 
challenged with 20 ,.t of 1% TNCB. Data are expressed as increment in 
ear thickness with standard error. At least 5 animals were used in each 
group. 
Assessment of Hyporesponsiveness 
To assess whether hyporesponsive animals were to lerant, animals 
that showed li ttle or no contact sensitivity after ini tia l ear challenge 
were painted with 100 Ill of 7% TNCB on the haved abdomen 24 h 
later. Six days later, the other eru· was challenged with 20 1tl of 1% 
TNCB and ear thickness was measured as above. The percent sup-
pression of contact sensitization was ca lculated according to the foLl ow-
ing formula: 
01 • [ (experimental - negative control) J 
1o suppre sion = 1 - . . . x 100 positive control - negative control) 
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Transfer of Tolerance 
Spleen cells (2 x 10") obtained from hyporesponsive mice 6 days 
afte r the initial attempt at sensitization or from normal mice were 
injected i.v. into normal syngeneic mice. Two hours later the shaved 
abdomen was painted with 100 p.l of 7% TNCB. Six days later the ear 
was challenged with 20 Ill of 1% TNCB and ear swelling was measured 
24 h later. 
Dose Response 
In order to determine whether varying doses of TNCB could affect 
sensitization by tai l painting, 100 !Jl of vary ing concentrations of TNCB 
(0.5-20%) was applied epicutaneously to the tails of C57Bl/6 and 
BALB/c mice. Six days later, contact sensit ivity was assessed as pre-
viously described. 
Dominance of Sen.sil.ization or Tolerance 
To determine whether sensit ization or tolerance was dominan t, 
simul taneous ta il and abdomen painting with TNCB was undertaken. 
In the first series of experiments, 100 Ill of 7% TNCB (in 4: 1 
acetone: olive oil) was applied to the shaved abdomen of C57Bl/ 6 mice 
and 100 Ill of 7% TNCB (in 4: 1 acetone: ol ive oi l) was simultaneously 
applied to the tails of these mice. Six days later, the ear was challenged 
wi th 20 Ill of TNCB in olive oil and 24 h later ear swelling was measured 
as before. ln a second series of experiments, 50 Ill of 7% TNCB (in 4: 1 
acetone:olive oil) was applied to the abdomen and tail , and contact 
sensitivity was assessed as before. 
Identification of ATPase-Posttiue Cells 
Tail and trunk skin from BALB/c or C57BI/6 mice were assayed for 
the density of A TPase-positive cells by a mod ification of the method of 
Mackenzie and Sq uier [5]. Briefly, skin specimens were incubated for 
2.5 h in a solu tion conta ining the fo llowing, in 1 li ter of distilled water: 
6.8 g NaCl, 0.2 g KCl, l.l g Na2HPO.,, 0.2 g KH2PO.,, 7.6 g Naz.EDTA, 
and 1.1 ml of 1% (g/ 100 ml) phenol red. The pH was adjusted to 7.2-
7.4. After this treatment, the epidermis was separated from the dermis 
with watchmaker's forceps with the aid of a dissecting microscope. 
After separation, the epidermal sheets were washed 3 t imes in cold 0.2 
M Tris, 0.2 M maleic acid, 0.2 M NaOH (Trismal buffer, pH 7.3) with 
6.8% (g/ 100 ml) sucrose and fixed overnight at 4 oc in a solu t ion made 
by adding 4 g paraformaldehyde and 6.84 g sucrose to 100 ml of 0.08 
M Na-cacodylate, adjusting the pH to 7.3 with 0.1 M NaOH. The 
specimens we·re then washed 3 times m cold Trismal buffer and incu-
bated for 20 min at 37°C in a solu t ion containing 20 mg Naz-ATP 
(Sigma Chemical Co., St. Louis, Missouri) , 5 "11 5% (g/ 100 ml) MgSO.,, 
3 ml 2% (g/ 100 ml) PbNOa, and 42 ml Trismal buffer with 8.55% (g/ 100 
ml) sucrose. After incubation, the specimens were washed 3 times in 
Trismal buffer, treated with dilu te NH,S, washed 3 times in distilled 
water, and mounted for light microscopy. 
Enumeration of A TPase- Positive Cells 
ln each specimen, at least 10 randomly chosen in terfollicular areas 
were counted by light microscopy in an ar ea of known size determined 
by an optical grid. Su rface densit ies are reported as total number of 
ATPase-positive cells per mm2 skin± standard error of mean. 
Statistical Methods 
The Student I.-test was used to assess diffe rences in reactivity. A p 
value of less than 0.05 was considered significant. Each experiment was 
performed at least twice. At least 5 animals were used in each experi-
mental group. Representative resul ts are presented. 
RESULTS 
Induction of Sensitization or Hyporesponsiveness with 
Epicutaneous Application of TNCB 
Epicutaneous application· of 7% TNCB (100 f.Ll in 4:1 ace-
tone: olive oil) to tail or abdomina l skin resulted in sigr.. ificant 
sensitization in the following mouse strains: A/J, CBA, BALBI 
c (haplotypes H-2", H-2\ H -2d, respectively ). However, while 
TNCB applied to abdominal skin of C57Bl/6, C57Bl/10, a nd 
AB.Y mice resulted in significant sens itization, wh en applied to 
tail skin it resulted in hyporespons ive r esponses (see Table I). 
Tolerance Induced by Tail Painting 
In order to assess whether th is hyporesponsive ness repre -
sented tole rance, 100 p.l of 7% T N CB was applied to the a bdo-
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m e n of t h e hyporesponsive animals a nd the oth er ear was 
cha llenged 6 days later. The hyporesponsive mice were found 
to be partially tolerant to t his attempt at sensitization (Fig 1). 
F, Hybrid Sensitization 
Sensitization was attempted in an F , generation from a 
C57Bl/6 male crossed with a BALB/c fema le (CB6F,). TNCB 
applied to abdomen or tail skin ofF, mice r esulted in significant 
sens it ization whe n t he ear was challenged 6 days later (Fig 2) . 
Dose Response of TNCB for Sensitization 
W e next sough t to determine t h e effect of varying doses of 
TNCB applied to tail skin of different mice in an attempt to 
alter t h e pote n tial to sensitize. BALB/c or C57Bl/6 mice were 
painted with 100 p.l of TNCB to the tail, w it h concentrations 
TABLE I. Induction. of sensitization or hyporespon.siueness by shin 
painting 
Mouse stra in 
A/J 
CBA 
BALB/c 
C57B1/6 
C57B l / 10 
AB.Y 
Haplotype 
H-2" 
H-2k 
H-2" 
H-2" 
H-2" 
H-2" 
Ear increment X 10 'J. mm after ini tial at-
tempts at. sensitization on the 
Tail" 
13.6 ± 0.6 
7.0 ± 1.0 
9.4 ± 1.5 
3.2 ± 1.01' 
3.0 ± 0.81' 
4.0 ± 0.71' 
Abdomen" 
14.4 ± 0.6 
9.3 ± 1.9 
9.8 ± 1.7 
8.2 ± 1.3 
6.5 ± 1.3 
8.0 ± 0.7 
" Mice were treated with 100 Ill 7% TNCB to the shaved abdomen or 
the ta il. Six days later 20 Ill of 1% TNCB was applied to the ear and 24 
h late r ear swelling was measured . Resul ts are expressed as mean ± 
SEM. 
''Significantly different than increment in ear thickness of mice 
pain ted on the abdomen (p < 0.05) . 
Ear Increment x 10 - 2 mm 
0 5 10 
Mouse Strain 
C57BL/6 
Initial Painting on ~----~ 
Tail 
Abdomen 
C57B L/ 10 Tail 
Abdomen 
AB ·Y Tail 
FIG 1. Tolerance induced by tai l pain t ing. Twenty-four hours after 
assessing ear thickness in animals pain ted with TNCB on the tail or on 
the abdomen, sensitization was attempted with 100 Ill of 7% TNCB to 
the abdomen. Six days later, the other ear was challenged and 24 h 
later ear swelling was assessed. Bars in this and subsequent figures 
represent SEM. 
CB6Fl Tail 
Negative Control 
BALB /c Tail 
Negative Control 
C57BL/6 Tail 
Negative Control 
0 
Ear Increment x 10 - 2 mm 
5 10 
FIG 2. Tail sensit ization in F, hybrid (BALB/c X C57Bl/6). Incre-
ment in ear swelling assessed 6 days afte r pain ting 7% TNCB on the 
tail of CB6F 1, BALB/c, or C57Bl/6 mice. 
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varying from 0.5% to 20%. Significant contact sensit ization was 
achieved in BALB/c mice wi th all concentrations of T NCB 
used (0.5-20%) a nd in C57BI/6 mice wi th concentrations of 15% 
and 20%. Application of concentrations of 7% or less of T NCB 
resul ted in hyposensitization in C57BI/6 mice (Fig 3). 
P assive Transfer of Tolerance Induced by Painting the Tails 
of C57Bl/6 Mice 
In order to determine whether suppressor cells were respon-
sible for the tolerance induced by the epicutaneous application 
of 7% TNCB to the ta ils of C57Bl/6 mice, passive transfer 
studies were performed. Spleen cells (2 X l OR) from mice treated 
with TNCB to the tails 6 days eaTlier were injected i.v. in to 
normal r ecipients, which were pain ted on t he abdomen with 
the usual sensit izing dose of T NCB 2 h later. When these 
animals were skin tested 6 days la ter, there was 64.9% suppres-
sion of contact sensitization compared to animals receiving 
spleen cells ti·om a nimals painted wit h TNCB on the abdomen, 
and 52.6% suppression of contact sensitization when compared 
to animals receiving normal spleen cells (Fig 4). 
Dominance of Sensitization 
When 100 ,ul of 7% TNCB was applied simul taneously to the 
abdom en and tail, significant sensitization resul ted. However , 
since this regimen ut ilized an increased total dose of TNCB 
Ear Increment x 10 - 2 mm 
0 5 10 
C57BL/ 6 20% TNCB f-------..-1 
15% 
7% 
3. 5% 
1% 
0 .5% 
Negative Control 
BALB / c 20% TNCB ~----------~==+---< 
15% 
7.0% 
3. 5% 
1% 
0 .5% 
Negative Control 
15 
F rG 3. Dose response fo r tail sensit ization in BALB/c a nd C57BI/6 
mice. BALB/c a nd C57BI/6 mice were pai nted on the tail wi th 100 ,ul 
of varying concentrations of TNCB (0.5-20%). S ix days later the ear 
was cha lle nged and 24 h later ear thickness was assessed. 
Ear Increment x 10 - 2 mm 
0 5 10 
Treatment of 
Donor 
7% TNCB to Tail 
7% TNCB to Abdomen 
Negative Control 
FIG 4. Passive t ra nsfe r of to lerance induced by ta il pa inting. T wo 
hours after C57BI/6 mice received 2 X 10" spleen ce lls (obta ined fi·om 
mice pain ted on t he ta il or a bdomen, with T NCB or from nont. reated 
mice), they were pa in ted with 100 fLl of 7% T NCB on the abdomen. S ix 
days later, the ear was cha llenged and 24 h later ear swelling was 
assessed. 
TABLE II. Surface density of A TPase·positive cells in murine tail 
epidermis 
ATPase-positive cells/mm' 
Mouse strain Haplotype 
Whole ta il 1 nterscale area 
A/ J H -2" 226 ± 77" 413 ± 110" 
CBA H-2' 244 ± 65 443 ± 86 
BALB/c H-2" 240 ± 69 432 ± 94 
C57BI/6 H-2" 246 ± 58 443 ± 65 
C57BI/10 H-2" 194 ± 68 339 ± 87 
AB .Y H-2" 217 ± 81 413 ± 110 
" M ean± SEM of total number of ATPase-positive ce lls in the whole 
taiL 
" M ean ± SEM of total number of ATPase-positive cells in the 
in terscale area. 
which migh t have, therefore, been responsible for sensit ization, 
a lower dose of TNCB (50 ,ul of 7%) was applied simultaneously 
to the tail and abdomen. T his, however, also resulted in signifi-
cant sensit ization. 
Enumeration of ATPase-p ositive Cells 
In order to determine whether the differe nces in sensitization 
between different strains of mice resulted ti·om differences in 
the density of Langerhans cells, ATPase-positive cells were 
counted in tail skin ofC57Bl/6, A/J , CBA, BALB/c, C57Bl/10, 
and AB.Y mice. No significant differences in surface density of 
ATPase-posit ive cells were fo und in the tail skin of these mice 
(Table II) . 
DISCUSSION 
It has been repor ted that when C57Bl/6 mice are painted 
wi th the hapten DNFB on t heir ta ils and later challenged with 
DNFB, they are hyporesponsive and subsequently are unable 
to be sensitized by abdominal painting with D N FB [9). We 
wished to investigate the mechanisms involved in tolerance 
induced by tail painting. During this investigation , we sought 
to determine whether this tolerance was a general finding in all 
mouse stra ins and whether suppressor cells play a role in this 
phenomenon. 
We found that when T NCB (100 .ul of 7%) was applied to the 
tail skin of C57Bl/6, C57Bl/10, and AB.Y mice (haplotypes H -
2 ~>) , hyporesponsiveness and subsequent par tial tolerance re-
sul ted. Al though there is evidence that young C57Bl/6 mice are 
less easily sensit ized to allergic contactants [12], the C57Bl/6 
mice used in this study were 9- 12 weeks old and responded to 
abdominal paint ing with TNCB as well as most other strains of 
mice used. The tolerance induced by ta il paint ing in mice of H-
2h haplotype is mediated in par t by suppressor cells, as shown 
by our passive transfer studies. In contrast to findings in H-2h 
mice, mice of other haplotypes-H-2" (A/J mice), H-2k (CBA 
mice), H -2rJ (BALB/c mice)- developed significant allergic 
contact sensitization after tail pa int ing wi th T N CB. When F1 
(BALB/ c x C57Bl/6) mice were painted wit h TNCB, significant 
sensitization also occurred, suggesting further that the sensiti-
zation to T NCB after ta il pa int ing may be genetically con-
trolled. Back-crosses of F1 mice with responder and nonre-
sponder mice are needed in order to more firmly conclude that 
the genes of the major histocompatibility complex or t hose 
closely linked to it play a major role in determining responsive-
ness to this type of sensit ization. Prior studies have already 
clearly demonstrated the in1portance of I region genes in deter-
mining contact sensitization and other forms of immune re-
sponse [12-14]. 
F rom our studies it appears that, as the dose of hapten is 
increased to 15% or 20%, even C57Bl/6 mice may become 
sensitive. T his may indicate that after the application of smaller 
amounts of hapten to the tail, there is a predilection for induc-
t ion of suppressor cells, but when greater amounts of hapten 
are applied, there is a predilection for effector cells to be 
generated. 
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The reason for certain str a ins of mice responding less well to 
topical application of TNCB to t h e tail is unclear. Toews et a! 
have quan titated the number of ATPase-posit ive cells on t h e 
tail epidermis of BALB/c nu/ nu a nd C57Bl/6 mice a nd found 
fewer ATPase-positive cells in t he C57Bl/6 [9]. W e, however, 
did not find any significan t strain differences in t h e density of 
ATPase-positive cells in tail skin. There was a lso n o difference 
in t h e density of ATPase-posit ive cells in abdominal wall skin 
when comparing C57Bl/6 mice with BALB/c mice (data not 
shown) . Thus, d iffere nces in Langerhans cell density (as d e te r-
mined by ATPase staining) do not appear to be a factor in 
determining wheth er sensitization or tolerance results from t h e 
application of an a llergic contactant to the tails of mice. 
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Cutaneous Manifestations of Primary Sjogren's Syndrome: A Reflection 
of Vasculitis and Association with Anti-RO(SSA) Antibodies 
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Twenty-two symptomatic primary Sjogren's syn-
drome patients with clinical and histologic evidence of 
skin disease were studied. Purpura and urticaria were 
the most frequent clinical cutaneou s manifestations. 
Most of these lesions were associated with a leukocyto-
clastic angiitis and, less comonly, a mononuclear (lym-
phocytic) vasculitis. Two main cutaneou s syndrom es 
were identified whose clinical, serologic, a nd histopath-
ologic features were indistinguish able from Walden-
strom's benign hyperglobulinemic purpura and hypo-
complementemic urticaria-like vasculitis. Eighty-four 
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CTD: connective tissue disorders 
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nRNP: nuclea1· ribonuclea1· protein 
SLE: systemic lupus erythematosus 
SS: Sjogren 's syndrome 
percent of primary Sjogren's syndrome patients with 
vasculitis demonstrated-' anti-Ro(SSA) antibodies. Thus, 
purpura and urticaria may reflect cutaneous vasculitis 
occurring in the clinical setting of Sjogren's syndrome. 
Although cuta neous vasculi t is is a well-recognized feature of 
Sjogren's syndrome (SS) [1] , its characteristics have not been 
well delineated. In the NIH studies of SS by B loch et a!, 33 of 
62 total patients had skin biopsies a nd 8 of these (24%) had 
vasculi t is, th e features of which were not elu cidated [2]. 
Recently, in a group of patien ts with SS we have reported a 
striking association between t h e presence of an tibodies to th e 
small ribonucleoprotein a ntigen, Ro(SSA) , and cer tain extra-
gla ndula r features [3, 4] including purpura, lympha denopathy, 
vasculitis, hematologic abnormali t ies (anemia, leukopenia, and 
thrombocytopenia ), and serologic hyperreactivity (hyperglob-
ulinemia, r h eumatoid a nd a ntinuclear factors, a nd cryoglobuli-
nemia) . We have observed biopsy-documented cutaneous vas-
culitis in 20 (27%) of th ese 75 pa tients who had either primary 
SS (9) or SS associated with a nother connective tissu e disorder, 
(systemic lupus eryt hematosus, 6; rhe umatoid arthri t is, 2; sys-
temic sclerosis, 2; or overlap syndrome, 1) [ 4]. 
Since cutaneous manifestations, including vasculi t is, are com-
mon fea tures of oth er connective tissue diseases, particulru·ly 
systemic lupus erythematosus and scleroderma, in t he present 
